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Z vy production in pacollisions at/s=1.8 TeV and limits on anomalousZZy and Zyy couplings

B. Abbott3® M. Abolins?’ B. S. Acharyd?® I. Adam!? D. L. Adams®® M. Adams!’ S. Ahn}* H. Aihara®®
G. A. Alves® E. Amidi*' N. Amos?® E. W. Andersort? R. Astur’* M. M. Baarmand** A. Baden? V. Balamurali®*
J. Balderstort® B. Baldin1* S. Banerjed® J. Bantly® E. Barberis?® J. F. Bartlett* K. Bazizi*' A. Belyaev?®
S. B. Beri®®I. Bertram® V. A. BezzuboV®’ P. C. Bhat* V. Bhatnagar® M. Bhattacharjeé® N. Biswas>* G. Blazey®?
S. Blessing® P. Bloom! A. Boehnlein** N. I. Bojko,*” F. Borcherding? C. Boswell} A. Brandt** R. Brock?’
A. Bross* D. Buchholz®® V. S. Burtovoi®” J. M. Butler? W. Carvalho® D. Casey*! Z. Casilum* H. Castilla-ValdeZ?
D. Chakraborty* S.-M. Chang®* S. V. ChekulaeV/ L.-P. Cher?®> W. Chen?* S. Choi#®* S. Chopra®
B. C. Choudhary,J. H. Christensofi* M. Chung!’ D. Claes®® A. R. Clark®®* W. G. Cobat?® J. Cochrarf,W. E. Cooper:*
C. Cretsingef! D. Cullen-Vidal® M. A. C. Cummings®? D. Cutts® O. I. Dahl?® K. Davis? K. De*® K. Del Signore?®
M. Demartead? D. Denisov* S. P. Denisov’ H. T. Diehl}* M. Diesburg'* G. Di Loreto?” P. Drapef’®
Y. Ducros?®? L. V. Dudko?® S. R. Dugad?® D. Edmunds’ J. Ellison? V. D. Elvira** R. Engelmani? S. Eno? G. Eppley*®
P. Ermolov?® O. V. Eroshin®’ V. N. Evdokimov®’ T. Fahland® M. Fatyga? M. K. Fatyga® S. Fehel* D. Fein?
T. Ferbel®* G. Finocchiard® H. E. Fisk!* Y. Fisyak! E. Flattum'* G. E. Forderf, M. Fortner? K. C. Frame?’ S. Fues$?
E. Gallas’® A. N. GalyaeVv®’ P. Gartung, T. L. Geld?’ R. J. Genik 11>’ K. Gensert* C. E. Gerbet? B. Gibbard?
S. Glenn’ B. Gobbi®® M. Goforth!® A. Goldschmid®® B. Gomez! G. Gamez?® P. I. GoncharoV’ J. L. Gonzéez Sols
H. Gordon? L. T. Goss*” K. Gounder® A. Goussiou** N. Graf? P. D. Granni$* D. R. Green* J. Green’?
H. Greenleé? G. Grim/ S. Grinsteirf, N. Grossmart? P. Grudberd? S. Grinendahf*! G. Guglielmo® J. A. Guida?
J. M. Guida® A. Gupta?®® S. N. Gurzhiev}’ P. GutierreZ® Y. E. Gutnikov’ N. J. Hadley?® H. Haggerty'* S. Hagopiart?
V. Hagopiant® K. S. Hahn?! R. E. Hall® P. Hanlet®! S. Hansert? J. M. Hauptmart® D. Hedin?? A. P. Heinsor?,
U. Heintz}* R. Hernadez-Montoyd! T. Heuring!® R. Hirosky!® J. D. Hobbs'* B. Hoeneisert* J. S. Hoftur?, F. Hsieh?®
Ting Hu* Tong Hu® T. Huehn® A. S. Ito* E. Jame$,J. Jaqued? S. A. Jergef’ R. Jesikt® J. Z.-Y. Jiang**
T. Joffe-Minor2® K. Johns? M. Johnsort* A. Jonckheeré? M. Jones'® H. Jastlein}* S. Y. Jun®®* C. K. Jung?* S. Kahn?
G. Kalbfleisch®® J. S. Kang® D. Karmgard!® R. Kehoe3* M. L. Kelly,®* C. L. Kim,?° S. K. Kim,*® A. Klatchko®
B. Klima,}* C. Klopfensteir, V. I. Klyukhin,®" V. I. Kochetkov3’ J. M. Kohli;*® D. Koltick,*® A. V. Kostritskiy,*’
J. Kotcher* A. V. Kotwal,*? J. Kourlas®® A. V. Kozelov?” E. A. Kozlovski®” J. Krane?® M. R. Krishnaswamy?
S. Krzywdzinskit* S. Kunori?® S. Lami* H. Lan}*' R. Lander! F. Landry?’ G. Landsberd® B. Lauer!® A. Leflat?®
H. Li,**J. Li*® Q. Z. Li-Demartead? J. G. R. Lima’® D. Lincoln?® S. L. Linn® J. Linnemanrf/ R. Lipton*
Y. C. Liu,® F. Lobkowicz?* S. C. Loker?® S. Lokos* L. Lueking!* A. L. Lyon,®® A. K. A. Maciel '° R. J. Madara$®
R. Madden'® L. Magara-Mendozd! S. Mani/ H. S. Mao'*' R. Markeloff3? T. Marshall*® M. 1. Martin,**
K. M. Mauritz,*° B. May ®* A. A. Mayorov?2’ R. McCarthy** J. McDonald'® T. McKibben?’ J. McKinley?’ T. McMahon?®
H. L. Melanson* M. Merkin,?® K. W. Merritt,** H. Miettinen3® A. Mincer C. S. Mishrat* N. Mokhov!*
N. K. Mondal® H. E. Montgomery* P. Mooney! H. da Mottal® C. Murphyl’ F. Nang? M. Narain* V. S. Narasimhanf®
A. Narayanarf,H. A. Neal?® J. P. Negret,P. Nemethy’® D. Norman?’ L. Oesch?® V. Oguri*® E. Oltman®
N. Oshimal* D. Owen?’ P. Padley’® M. Pang™® A. Para* Y. M. Park?! R. Partridge, N. Paru&®® M. Paternd*! B. Pawlik 22
J. Perking’® M. Peters'® R. Piegaid, H. Piekarz'® Y. Pischalnikov?® V. M. Podstavkov’’ B. G. Popé’ H. B. Prosper?®
S. Protopopesch,J. Qian?® P. Z. Quintas* R. Raja'* S. Rajagopalaft,0. RamireZ’ L. Rasmusseff*
S. Reucroff! M. Rijssenbeek? T. Rockwell?’ N. A. Roe?® P. Rubinov*®* R. Ruchti®** J. Rutherfoord,
A. Sanchez-Hernadez!! A. Santoro® L. Sawyer?* R. D. Schambergéf H. Schellmart® J. Sculli¥ E. Shabalin&®
C. Shaffert® H. C. Shankaf? R. K. Shivpuri®* M. Shup€? H. Singh® J. B. Singh®® V. Sirotenko®? W. Smart!*

R. P. Smitht* R. Snihur®® G. R. Snow?® J. Snow?® S. Snydef J. Solomort, P. M. Sood®® M. Sosebed® N. Sotnikova?®
M. Souza® A. L. Spadafor&® R. W. Stephen&® M. L. Stevensorf? D. Stewart® F. Stichelbauf? D. A. Stoianova’
D. Stoker® M. Strauss® K. Streets®® M. Strovink?® A. Sznajder® P. Tamburell#® J. Tarazf M. Tartaglial*

T. L. T. Thomas® J. Thompsorf® T. G. Trippe?3 P. M. Tuts}? N. Varelas?’ E. W. Varnes?® D. Vititoe,? A. A. Volkov,*’
A. P. Vorobiev®” H. D. Wahl® G. Wang®® J. Warchof* G. Watts® M. Wayne?* H. Weerts?’ A. White,*®
J. T. White?” J. A. Wightman'® S. Willis, 2 S. J. Wimpenny,J. V. D. Wirjawan?’ J. Womersley’ E. Won?! D. R. Wood!
H. Xu,® R. Yamada?* P. Yamin? J. Yang®® T. Yasuda® P. Yepes?® C. Yoshikawa® S. Youssef® J. Yul* Y. Yu,*
Z. H. Zhu* D. Zieminska!® A. Zieminskil® E. G. Zverev’® and A. Zylberstejf?

(DO Collaboration
lUniversidad de los Andes, Bogot@olombia

2University of Arizona, Tucson, Arizona 85721
3Boston University, Boston, Massachusetts 02215
“Brookhaven National Laboratory, Upton, New York 11973
SBrown University, Providence, Rhode Island 02912
SUniversidad de Buenos Aires, Buenos Aires, Argentina
"University of California, Davis, California 95616
8University of California, Irvine, California 92697

0556-2821/98/5(7)/38115)/$15.00 57 R3817 © 1998 The American Physical Society



RAPID COMMUNICATIONS

R3818 B. ABBOTT et al. 57

9University of California, Riverside, California 92521
19 AFEX, Centro Brasileiro de Pesquisasskaas, Rio de Janeiro, Brazil
HCINVESTAV, Mexico City, Mexico
12Columbia University, New York, New York 10027
3Delhi University, Delhi, India 110007
14cermi National Accelerator Laboratory, Batavia, lllinois 60510
Florida State University, Tallahassee, Florida 32306
8University of Hawaii, Honolulu, Hawaii 96822
YUniversity of lllinois at Chicago, Chicago, llinois 60607
¥ndiana University, Bloomington, Indiana 47405
9owa State University, Ames, lowa 50011
20K orea University, Seoul, Korea
2IKyungsung University, Pusan, Korea
ZInstitute of Nuclear Physics, Krakg Poland
23 _awrence Berkeley National Laboratory and University of California, Berkeley, California 94720
24 puisiana Tech University, Ruston, Louisiana 71272
ZSUniversity of Maryland, College Park, Maryland 20742
28University of Michigan, Ann Arbor, Michigan 48109
ZMichigan State University, East Lansing, Michigan 48824
2&Moscow State University, Moscow, Russia
2University of Nebraska, Lincoln, Nebraska 68588
30New York University, New York, New York 10003
3INortheastern University, Boston, Massachusetts 02115
32Northern Illinois University, DeKalb, lllinois 60115
33Northwestern University, Evanston, lllinois 60208
34University of Notre Dame, Notre Dame, Indiana 46556
35University of Oklahoma, Norman, Oklahoma 73019
38University of Panjab, Chandigarh 16-00-14, India
#nstitute for High Energy Physics, 142-284 Protvino, Russia
%8purdue University, West Lafayette, Indiana 47907
3%Rice University, Houston, Texas 77005
“OUniversidade do Estado do Rio de Janeiro, Brazil
“WUniversity of Rochester, Rochester, New York 14627
42CEA, DAPNIA/Service de Physique des Particules, CE-SACLAY, Gif-sur-Yvette, France
43Seoul National University, Seoul, Korea
4state University of New York, Stony Brook, New York 11794
%Tata Institute of Fundamental Research, Colaba, Mumbai 400005, India
46University of Texas, Arlington, Texas 76019
4"Texas A&M University, College Station, Texas 77843
(Received 29 October 1997; published 6 March 1998

We present a study af y+ X production in pa collisions at/s=1.8 TeV from 97 (87) pb! of data
collected in theeey (uuy) decay channel with the DO detector at Fermilab. The event yield and kinematic
characteristics are consistent with the standard model predictions. We obtain limits on anofi&joasd
Zyvy couplings for form factor scaled =500 GeV andA =750 GeV. Combining this analysis with our
previous results yields 95% C.L. limith5, <0.36,|h3,<0.05, |h}}<0.37, andh}y<0.05 for a form factor
scaleA =750 GeV.[S0556-282(98)50507-3

PACS numbgs): 14.70.Hp, 13.40.Em, 13.85.Qk

Studies of vector boson pair production and measurebeen obtained by the Collider Detector Fermil&DF) [1],
ments of the trilinear gauge boson couplings provide imporLi3 [2], DELPHI[3] and DO Collaborationf4,5].
tant tests of the standard mod&M) of electroweak inter- In the SM, the/*/~ y final state can be produced via
actions. The SM predicts no tree-level couplings between theadiative decays of th& boson or by production of a boson
Z boson and the photon. Observation of such couplinggair viat- or u-channel quark exchange. The former process
would indicate the presence of new physical phenomena. Rés the dominant source of events with a small opening angle
cent limits on theZZy and Zyy coupling parameters have between the photon and charged lepton and for events with a
low value of photon transverse ener@ . Events produced
by the latter process have a lepton-pair invariant mass,,
close toM; and three-body invariant mass,, ., larger
*Also at Universidad San Francisco de Quito, Quito, Ecuador. thanM . AnomalousZZy or Zy+y couplings[6] would en-
TAlso at IHEP, Beijing, China. hance the cross section fdry production, particularly for
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high-E+ photons, relative to the SM expectations. Events which satisfied the trigger requirements were sub-
A study ofZy production and a search for anomaldg  jected to further selection criteria. Eaeley event was re-

couplings has been performed using the reactiqn’E quired to have two electron candidates wik>25 GeV
—eeyX and uuyX at ys=1.8 TeV in data collected with and a photon candidate witf>10 GeV within the fiducial
the DO detector at Fermilab during the 1993—1995 Tevatrofiedion |7/<1.0 (CQ) or 1.5<[#|<2.5 (EC). Of the two
run. These data correspond to an integrated luminosity ofléctron candidates, one was required to have a matching
97+5 (87+5) pb tin theeey (uumy) channels. This study frack, and the other was required to have a track or drift
is complementary to that of Ref5], which sets limits on chamber hits associated with the electromagnetic shower.

anomalousZVy (V=2Z,7) couplings using a fit to th& The photon was required to have no matching track and no

spectrum in events analyzed with tAe-» vv hypothesis. The drift chamber hits nearby. . : -
sensitivities to anomalous couplings are equivalent based on Two .samg_les Of'f“”’ can@dates were |d§nt!f|ed. The
the expected event yields afi} spectra due to the larger evgnts identified using the tight §electlon criteria were re-
luminosity available here. The backgrounds are dissimilarqu'red to have a photon, a_md ‘V.V.O |sole_1ted muon tracks m_the
and the signal-to-background ratio is much higher in there_glo_n|1;|<1. The_events identified using the Iqose selection
charged-lepton analysis. Also, the kinematic characteristicS"t€"@ were required to have: a photon; an isolated muon
of the charged-lepton events can be studied in detail. track in the regioniy|<1; and a muon identified, 1] by a

The results of the search for anomalous couplings are prdattern of isolated energy deposition in the longitudinal seg-
sented within the formalism of Reff7], which assumes only ments of the hadron calorimeter in the regjafi<2.4, with
that any possible trilineaZ Vy coupling must obey Lorentz an azimuth, ¢, within 0.4 radians of the direction of the
and gauge invariance. In this formalism, the most generahissing transverse energy corrected for pheof the tracked
Z\Vy vertex contains four undetermined coupling parametergnuon. In the tight selection, one muon was required to have
hY (i=1....,4). Terms proportional teY andhy in the scat- Pr>15 GeVk and the other to havpr>10 GeVk. In the
tering amplitudes ar€ P-odd, while those proportional to 100se selection, the muon with a track was required to have
hY andh) are CP-even. To ensure partial wave unitarity at Pr=>15 GeVk. In both selections the opening angle be-
high energies, a form factor ansat¥(8)=hY%/(1+8/A2)" tween the muons was required to be between 40 and 160

' - 10 degrees. Also, the photon candidate was required to be

is used[7], where \'s is the parton center-of-mass energy, within the fiducial region| 7|<1.1 (CC) or 1.5<|7|<2.5
hi\g is the value oﬂqu in the low-energy limits=0, A is a  (EC), to haveE;>10 GeV, and not to have a matching cen-
mass scale, and; is the form factor power. Form factor tral detector track.
powers of n;=n3=3 and n,=n,=4 were used. These An angular separation oR,,=vA 7°+A$?>0.7 was
choices ofn; provide the terms in the amplitude proportional required between the photon and the electrons or muons.
to hY with same high energy behavior. This reduces the number of radiatie—/*/~y decay

The DO detector, described in detail in RE8], consists events in the final sample while maintaining sensitivity to
of three main systems: the inner tracker, the calorimeter, andVy couplings.
the muon systems. A nonmagnetic central tracking system, The efficiencies for the above selection criteria were esti-
composed of central and forward drift chambers, providesnated usingZ—ee andZ— pu candidates in the data. For
directional information for charged particles and is used inelectrons, the detection efficiency was measured to be about
this analysis to discriminate between electrons and photor80% when a track match was required. When only drift
and in muon identification. Particle energies are measured bghamber hits were required, the efficiency increased to about
a liquid-argon uranium sampling calorimeter that is divided90%. Including the geometrical acceptance, the muon track-
into three cryostats. The central calorimet@C) covers ing and reconstruction efficiency was #2% for |7|
pseudorapidity| 7| <1.1, and the end calorimeterdEC) <1.0, and 8&2% (64+3%) for muons identified by the
cover 1.K|5|<4.4. The EM(hadron calorimeters are di- calorimeter with|7|<1.1 (1.1|»|<2.4). The overall ac-
vided into four (four to siX layers to measure longitudinal ceptance of the loosguy selection criteria was 3.2 times
shower development. Energy resolutions of approximatelgreater than that of the tightuy selection criteria. The pho-
o(E)/E=15%/\JE®0.4% (E in GeV) are achieved for elec- ton efficiency was found to depend &3 and 5, and ranged
trons and photons. The muon system consists of magnetizétbm 35% for EC photons dY=10 GeV to approximately
iron toroids with one inner and two outer layers of drift tubes70% for CC photons wittEY>25 GeV. The efficiency of
and achieves a momentum resolution ®f1/p)=0.18(p  the veto against photons with drift chamber hits or tracks in
—2)/p2®0.003 withp in GeV/c. close proximity, used in theey analysis, ranged from 80%

Data were collected with a multi-level trigger system. Thein the CC to 60% in the EC. The energy dependence of the
eey candidates were required to contain two EM clustergphoton detection efficiency, due to the effects of the under-
with E+>20 GeV. The trigger efficiency was estimated to lying event and noise, was estimated from photons simulated
be nearly 100% for events that satisfied the offleey se-  with GEANT [11] superimposed on minimum bias data col-
lection criteria given in the next paragraph. Thgy candi- lected during the run.
dates were required to have at least one muon within A parametric detector simulatiofil?] along with a
<1 andp;>8 GeV/c and to have an EM cluster witB leading-order Monte CarldMC) event generatof7], was
>7 GeV. The trigger efficiency ranged from 60% to 90% used to predict the signal as a function of the couplilmi\ﬁs
depending orE¥ and on whether the event passed the tightA K-factor of 1.34[7] was used to correct the predicted cross
or loose muon selection described below. section for processes not included in the leading-order calcu-
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TABLE I. Summary of the systematic uncertainties for the pre- 16 5 @
— 4 (a
dicted pp— eey and uuy signals. 913-' + Data
Channel eey My §lg: '_,—l SM+Background
Z 64
PDF choiceQ?, k-factor 6% 6% & ‘6‘_- gk Background
pr’Y 1% 1% & o]
/' /'y selection efficiency 2.3% 6.3% 0 R e | —
Photon conversion rate 5% 5% 0 10 20 30 40 50 60 70 80 90 100
Random overlap rate 3% 3% ¥ (GeV)
Luminosity 5.3% 5.3% 6 8
Total: 10% 12% G 5]1® R 740
> > 64
L J
3 47 g 5
. .. , . Q 34 = 44
lation. Additionally, the/ /"y system was given a transverse Z,] 7 31
momentum according to the theoretical prediction Zobo- 2 ] g 2 +
son production13] to simulate kinematic effectgl4] not - 0] w (1)3
included in the event generator. Parton densities were taken 40 60 80 100 120 30 100 150 200 250
from the Martin-Roberts-Stirling set'D(MRSD') [15]. A M. (GeV/cd) M, (GeV/c)

total theoretical uncertainty of 6% is assigned to the signal

- : . s . FIG. 1. Kinematic distributions for candidates and background
prediction. This uncertainty reflects the variation in predlctedestimates {a) photon transverse energy for the combi and

. 2 . ~ 2 ~ .
signal forQ® scales in the range4<Q°<4s using recently .., samples (b) dielectron invariant masgg) dielectron-photon

fitted parton densities. invariant mass.

With an integrated luminosity of 97 (87) ph the ex-
pected SMeey (uuy) signal is 13.221.3 (16.3-2.0) In the data 14(15) eey (uwy) candidate events were
events. The contributions to the systematic uncertainty omdentified. Four of theuuy events were from the tight selec-
this prediction, listed in Table I, total 1094.2%). tion criteria and 11 were from the loose selection criteria.

The major source of background in the electron decayThe predicted total background is 1:80.54 (3.570.68)
channel isZ+jets production with a jet misidentified as a events in theeey (uuy) channel. Thus, the measured signal
photon. Contributions from multijet and direct photon ( is 12.2+3.8 (11.4-3.9) events. The total is consistent with
+ jets) processes in which one or more jets are misidentifiethe predictions of the SM, as are the contributions from the
as an electron or photon are smaller but not negligible. Simiindividual channels.
larly, the major background for the muon decay channel is The kinematic distributions of the candidates are shown in
Z+jets production. The sample selected with the loose seFig. 1, along with the corresponding background distribu-
lection criteria also includes substantial background fromtions. Figure 1a) shows theE? spectrum of the combined
W+ jets with a fake muon and a jet misidentified as a photonelectron and muon channels. The spectrum is consistent with

The probability for a jet to be misidentified as a photonthe expectation of the SM. Figuregbl and Xc) show the
was measured from an independent sample of multijetlielectron invariant mass and dielectron-photon invariant
events. After subtracting the expected number of direct phomass, respectively. Tweey events were observed wita)
tons in the sample, the misidentification probabilRy ., ~75 GeV, a dielectron invariant masd..~M,, and a
was found to depend slightly d&' and was estimated to be dielectron-photon invariant mas eey~200 GeVE2. As-
~10 3. A systematic uncertainty of 25% assignedR”p.,  suming SMZy production, the probability of observing two
accounts for the uncertainty in the direct photon fraction ofor more events wittE}>60 (70) GeV in the combined elec-
the multijet sample. The electron misidentification probabil-tron and muon channels is 15%.3%. The SM Monte
ity Pj_.. was measured in a similar way and was found to becarlo indicates the most likelgey mass for events witEY
about half of P;_,. The backgrounds in theeyX and in the range 70 to 79 GeV is 200 Ge¥#/ Thus the two
mpyX candidate samples were estimated by weightingayents can be understood as a fluctuation of Bjproduc-
eejX uujX, andeyjX events in the parent sample by the tion. Note that the dielectron mass distribution shows indica-
appropriateP;_,,, and P;_ factors. The background from tions of the predicted two-peaked structure induced by the
events with jets misidentified as electrons or photons iphotonE; threshold and they opening angle selection cri-
1.81+0.54 events for theey channel, 0.28 0.08 events for  teria used to suppress the radiative events. The numtiy of
the tlght,u,u,’y channel, and 1.890.54 events for the loose production candidates W|tHV|ee>83 GeV/C2 and Mee'y
mpy channel. >100 GeVk? is consistent with the SM prediction. The

Contributions from processes such ag— 7" 7"y and  pjots analogous to Figs.(H) and Xc) for the muon channel
WZ—//ev were investigated and found to be negligible show agreement with the SM predictions, but the detailed
for the eey channel and for thewuy channel selected with  structure seen in the electron channel plots is obscured by the
the tight criteria. However, theuy sample selected with the  [imited momentum resolution of the muon system.
loose selection criteria has backgrounds of 0130 events Limits on theZVy couplings were extracted from the data
from Wy—pvy+X, 0.28-0.08 events fronk—77—pue  py performing an unbinned likelihood fit to tH&Y distribu-
+X, and 0.01%0.002 events frolWW andtt — ue+X, tion that utilized both the shape of the photon spectrum and
which arise because of a fake muon. The probability for fakehe total event yield. The likelihood function was convoluted
muons was measured using the-ee andZ— uu data. with Gaussian probability distributions to account for the
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NF 1 @it N RO CP-even couplings. These are the most restrictive limits
T = ’ available from theeey and puy final states. Though the
0.5 0.5 studies have equivalent sensitivities, limits from this analysis
0 // 0 ’ , are less restrictive than those of RE] because of the ob-
served event yields a8} spectra.
05 w05 Combining these results with our previous measurements
1 e 500 Gev 1 e 500 GeV ] [4,5] yields 95% C.L. 1D limits
4 2 0 2 hg 4 2 0 2 h;‘ |h%)<0.36, |h)<0.05 (h?=0)
30 30 Y Y Z__
N':go.z © s [@ [h3<0.37, [hj<0.05 (h{=0)
04 Lot T g b ) for A=750 GeV. These combined limits are 20% tighter
- o o than the previous most restrictive combined linjit§]. Fig-
0 4 0 ures Zc) and 2d) show the two-dimensional limits on the
/ ZZy andZy+y couplings from the combined analyses.
-0.1 = Fe e I X | = In conclusion, a search for anomalazigphoton coupli
(G g e = , plings
ozl st A=TS0GeV] o, A=750 GeV was performed by studyingeyX and puyX production
“1 05 0 05 1 d 05 0 05 1 using the DO detector. A total of 1415 eeyX (uuyX)
%, Rl candidate events were observed, in agreement with the 13.2

FIG. 2. Two-dimensional limit¢a) onhZ,vsh%,, and(b) onhy, ~ +1.3 (16.3£2.0) signal events predicted by the SM and the
vs h}, from theee(uu) y analyses and the same) and (d), from expected background of 1.80.54 (3.5% 0.68) even'Fs. .
combining this analysis with previous results from this experiment.The photon transverse energy spectrum, the dilepton invari-
Only the couplings varied in each plot are assumed to be differen@nt mass, and th€ /"y invariant mass are as expected from
from the SM values. Unitarity limits are indicated by the dashedthe predictions of the SM and provide evidenceZof pair
contours. production. Limits on anomalou&Zy and Zyy couplings

were derived. These results, combined with our previous

systematic uncertainties. With the constraint that only Onemeasurements, provide the most stringent constraints on

coupling be nonzero at a tin{gD), the 95% confidence level anomalousZZy andZyy couplings available.
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e 7 7 and Technology and Ministry for Atomic EnergjRussia,
limits are [h3g <0.67, [h3) <0.08, |h3j)<0.69, and|hj CNPq (Brazil), Departments of Atomic Energy and Science

<0.08. The 2D limits forA =750 GeV are slightly looser ,nq Education(india), Colciencias(Colombia, CONACYT
than the unitarity constraints. The limits on t@&-odd cou-  (\Mexico), Ministry of Education and KOSERKored, and
plings are nearly identical to the corresponding limits on thecoNICET and UBACYT(Argentina.
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